Abstract: The first ever fully global hydroacoustic monitoring system is being planned and implemented for use in verification of a new intemat ional treaty, the Comprehensive Nuclear-Test-Ban Treaty (CTBT). This system wil 1provide hydroacoustic monitoring of the world's oceans for 24 hours a day, every day of the year, into the indefinite future. This unique resource will utilise two types of hydroacoustic station. One type will be based on a hydrophore at the SOFAR axis depth, cabled back to shore. The other will be based on a seismometer on a small island using detection of the T-phase signal. This latter station type relies on a signal which has propagated predominantly through the ocean, but has been converted to seismic energy at the margin of the island. Although this network is being installed for the purpose of monitoring of nuclear explosions, it will also be a unique resource for scientific investigation of various phenomena.
MONITOWG OF COMPLIANCE WITH CTBT
A Comprehensive Nuclear-Test-Ban Treaty (CTBT) to ban all nuclear explosion tests was opened for signature in New York on the 24th September 1996. It is open to all States for signature and as of early 1998 there have been 149 signatures. This is an important Treaty which, if not adhered to, could be perceived by some States Party to the Treaty as posing a threat to their national security.
During the CTBT negotiations many States insisted that compliance with the Treaty should be adequately and cost-effectively verified. Verification of compliance with the CTBT requires establishment of a global network of sensors to detect, locate, and identify the signals generated by a nuclear explosion. This system is known as the International Monitoring System (IMS).
Previous treaties on nuclear testing have only involved a small number of States and also did not cover all testing conditions. Importantly, these treaties did not contain a verification agreement; although some States did deploy and operate nuclear detection monitoring systems. In contrast, the CTBT bans all nuclear explosion testing and is backed by a global verification system. This imposes severe restraints on nuclear weapon development and on the oppo~nities available to a potential violator to conduct a nuclear test. A State, keen to test a nuclear weapon, may be tempted to conduct a test in an environment where there may be a perception of a lesser chance of being detected. For this reason the CTBT verification system is being established to monitor tests conducted in all terrestrial environments.
The MS will be capable of detecting, locating and identifying explosions down to less than 1 kilotonne (kt) detonated within the atmosphere, underwater or underground. The system is designed to provide (roughly) uniform global coverage. Four technologies are being used in the IMS: seismic, hydroacoustic, infrasound and radionuclide. World wide networks of sensors for the four technologies are currently being deployed. The data from each station will be transmitted in real time to an International Data Centre (~C) in Vienna. The~C will process the data and produce a bulletin of detected events for States Parties; the~C will also archive the data on behalf of the States Parties. The overall package for verification of the Test Ban will comprise: an MS, an IDC and a process for OnSite-Inspection (0S1) to enable States Parties to investigate a suspected Treaty violation.
H~ROACOUSTIC COMPONENT OF IMS
The most effective way to detect underwater explosions is to deploy a network of hydrophores in the SOFAR channel in order to detect the sound wave generated by the explosion.
As is well known, sound propagates exceptionally well through the SOFAR channel with very little attenuation.
The IMS hydroacoustic network contains eleven hydroacoustic stations located with an emphasis on the Southern Hemisphere. The extensive seismic network is located with an emphasis on the Northern Hemisphere. The seismic network provides a good capability in the Northern Hemisphere for the detection of underwater explosions to less than 1 kt as well as providing capability to locate and identify them. However, the paucity of land mass in the Southern Hemisphere means that the large oceanic areas can be most effectively monitored by making use of a hydroacoustic system working in synergy with the seismic system. In fact, only six stations of the hydroacoustic network will be equipped with hydrophores, Five other hydroacoustic stations are located on steep-sloped islands making use of seismic equipment to detect hydroacoustic waves (this method is chosen in order to effect a significant cost reduction).
In this latter case, the hydroacoustic wave is converted to a seismic wave at the boundary of the island (this type of propagation has Iong been known to the seismic community as T-phase propagation).
The location of the eleven hydroacoustic stations is shown in the foIlowins ta . )ns, the triangles are T-phas~stations). h the table. the first name is on the h figure (the stars are hydrophore of the map and so on. le locations selected in tiis network were chosen to achieve maximum coverage of ocean areas, after consideration of such issues of bathymetric shadowtig, network cotilguration for location by triangulation, and availability of local station support. Selection of hydrophore station sites also took into account the desirability of short cable runs to the local axis of the SOFAR channel. Selection of T-phase sites also took into account the efficient conversion from hydroacoustic waves to seismic waves.
The specifications of the IMS hydroacoustic stations has been set (by the States Signatory to the Treaty). Some key features are that hydrophore stations will utilise fixed hydrophores floated to the centre of the SOFAR channel from the sea floor. A cable will bring the signal back to a shore station for satellite transmission to the DC. men these shore stations are on small islands (which is the common situation) there will be hydrophores deployed out opposite sides of the island in order to prevent blocking of the signal by the island. The frequency range of the hydrophore stations will be from 1 Hz to 100 Hz.
A hydroacoustic network, working synergistically with the seismic network, has a number of advantages for monitoring compliance with a CTBT.
Firstly it provides excellent detection, location, and identification of underwater explosions, Secondly, it can provide additional evidence for identification of earthquakes located in the crust beneath the ocean floor. This is possible either by the relatively small size of a hydroacoustic signal (indicating that the event did not occur in the water) or by an analysis of the characteristics of the detected hydroacoustic signal (indicating that it did not originate from an underwater explosion).
The characteristics of hydroacoustic signals are especially effective in identifying a detected event as an underwater explosion or otherwise.
There are two major reasons for this The first is that if the explosion is contained beneath the water, the signal is characterised by a clear bubble-pulse oscillation. The second is that the hydroacoustic signal from an underwater explosion, even if not fully contained, has far more energy at higher frequencies than does any signal that has propagated through the ground for some distance.
I~LE~NTA~ON
Of the eleven IMS hydroacoustic stations, two of the hydrophore stations and one of the T-phase stations existed prior to the treaty. All of the other IMS hydroacoustic stations will be installed over the next few years and upgrading action will be taken at the existing sites. Prior to installation of a station, a site survey is undertaken. This site survey program is already underway and installation of stations will start this year. Certification of operation to CTBT standards will follow leading to operation at a very high level of availability into the indefinite future, The data from all stations will be sent to the~C in Vienna in real time, 24 hours per day every day of the year. Although this network is being installed for monitoring of nuclear explosions, it can also be expected to provide a unique resource for scientific investigation of various ocean phenomena.
